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SHORELINE CHANGE DYNAMICS USING DIGITAL SHORELINE ANALYSIS 
SYSTEM IN CEMARA BESAR ISLAND

DINAMIKA PERUBAHAN GARIS PANTAI MENGGUNAKAN SISTEM ANALISIS 
GARIS PANTAI SECARA DIGITAL DI PULAU CEMARA BESAR

Muhammad Ramdhan1), Yulius1), &  Nur Kholik K P2)

ABSTRACT

This paper will describe a study to find out the shoreline changes that occurred on Cemara Besar Island along with 
the accretion and abrasion. Data taken from the images were obtained through google earth as a result of radiometry and 
geometry correction from Landsat satellites in the last of 5 years. Wind data were obtained from ECMWF (European Centre 
for Medium-range Weather Forecasts) interm every season for 5 years. Analysis of shoreline changes was carried out using 
the DSAS (Digital Shoreline Analysis SYSTEM) method and analyzed by wind and sea wave factors involved in each season. 
The results of the analysis obtained LRR (Linear Regration Rate) and EPR (End Point Rate) values for 5 years, the extent 
of changes in island land mass, the value of Hs and Ts from the results of wave forecasting using wind data. To simplify the 
analysis, Cemara Besar Island is divided into 9 segments based on variations in LRR values. The results show that in general 
Cemara Besar Island have very high accretion rate in segments A, B and E with an average of 3.61 m/year or 5 years and very 
high abrasion occurred in segment F with an average of -1.01 m. Abrasion occurs with the greatest speed of change in segment 
A with an average of 4.64 m/year and the largest accretion rate in segment F with an average of -1.21791 m/year. Analysis 
of oceanographic factors through Wave forecasting data shows that in the west and transition I season, the significant waves 
height occur with Hs 1.21 m, greater than the eastern season and transition II season with Hs 0.91 m. Dominant wind direction 
from north (377.50 in west season and transition I, and from east direction (67,25 degre) in east season and transition I season.  
Wind-wave propagate according to wind direction and it will be deformed when entering shallow coastal waters. Then affects 
sediment transport which produces accretion and abrasion on the Cemara Besar Island. 

Keywords:  DSAS, Shoreline dynamics, Cemara Besar Island.

ABSTRAK

Makalah ini memaparkan suatu studi untuk mengetahui perubahan garis pantai yang terjadi di Pulau Cemara Besar 
beserta akresi dan abrasi tersebut. Data yang bersumber dari Google Earth yang telah dikoreksi secara radiometri dan geometri 
dari citra satelit Landsat dalam 5 tahun terakhir. Data angin diperoleh dari ECMWF (European Center for Medium-range 
Weather Forecasts) interm setiap musim selama 5 tahun. Analisis perubahan garis pantai dilakukan dengan metode DSAS 
(Digital Shoreline Analysis System) dan dianalisis dengan faktor angin dan gelombang laut yang terlibat di setiap musim. Hasil 
analisis diperoleh nilai LRR (Linear Regration Rate) dan EPR (End Point Rate) selama 5 tahun, luasnya perubahan massa 
daratan pulau, nilai Hs dan Ts dari hasil peramalan gelombang menggunakan data angin. Untuk mempermudah analisis, Pulau 
Cemara Besar dibagi menjadi 9 segmen berdasarkan variasi nilai LRR. Hasil penelitian menunjukkan bahwa secara umum 
Pulau Cemara Besar memiliki laju akresi yang sangat tinggi pada segmen A, B dan E dengan rata-rata 3,61 m / tahun atau 5 
tahun dan abrasi sangat tinggi terjadi pada segmen F dengan rata-rata -1,01 m. Abrasi terjadi dengan kecepatan perubahan 
terbesar pada segmen A dengan rata-rata 4,64 m / tahun dan laju akresi terbesar pada segmen F dengan rata-rata -1,21791 
m / tahun. Analisis faktor oseanografi melalui data prakiraan gelombang menunjukkan bahwa pada musim barat dan transisi 
I tinggi gelombang signifikan terjadi dengan Hs 1,21 m, lebih besar dari musim timur dan musim transisi II dengan Hs 0,91 
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INTRODUCTION

The beach is a complex ecosystem. Its complexity 
is characterized by natural and non-biological natural 
resources (Beatley et al., 2002, Aedla et al., 2015). 
From the perspective of interaction, the beach becomes 
a zone of interaction between land, sea, and air which 
has the ability to adjust to maintain natural balance. 
The ability of the coast to respond to the dynamics 
process of oceanographic  causes the coast to be a 
dynamic area (Triatmodjo, 1999, Hidayat, 2012). 
Beaches consist of many natural process dynamics 
that occur, both from sea to land and vice versa. Some 
natural processes that occur such as abrasion, 
accretion, sediment transport pollution, and 
environmental pollution. While the processes formed 
due to human activities such as the process of 
development and management of coastal areas. 
Changes in beach profile occurred depending on the 
beach topography, hydro-oceanographic processes, 
climatic conditions, coastal vegetation, and sediment 
transport that occurs (Triatmodjo, 1999, CERC, 1984, 
Guariglia et al.,  2006).

Beaches are included in coastal areas that are 
still influenced by tidal phenomena. The beach has the 
ability to absorb ocean wave energy that radiates to 
the coast. Beach functions as a buffer can protect sea 
cliffs, settlements on the coast. Wave propagation 
carries sediment intake within a certain period of time. 
This process causes pressure on the coastal area, 
which is usually characterized by the presence of 
abrasion and accretion on a beach (Febriansyah et al., 
2012 ;Siswanto et al., 2012) .

The coastline is defined as the location of a 
meeting between land and sea which has high 
dynamics of natural processes. The shape and location 
of the coastline can constantly change based on 
conditions between land and sea over a period of time 
(Guariglia et al.,  2006, Alesheikh et al., 2007, Tran & 
Trinh, 2009). Factors in geological strength and 
extreme phenomena can have an impact on shoreline 
changes (Addo et al., 2011, Boak & Turner, 2005). 

One form of wave deformation when entering the 
shore is a refractive angle of the wave, which is formed 
between the waves crest and coastline. The resultante 
of the zig-zag movement of the wave refraction process 
produces the longshore current. Suspended sediment 
due to breaking waves carried away by the Longshore 

Shoreline Change Dynamics ...... In Cemara Besar Island (Ramdhan, M., et al.)

106

current, this process is known as longshore drift. 
Components of the wave that affect them include the 
coming angle, duration, and wave energy, where wave 
energy is proportional to the wave height (Triatmodjo, 
1999, Hidayat et al., 2013).  

The large pine island has a fairly wide sand area 
(Hartati & Ambariyanto, 2005). Plains of the island are 
overgrown with pine trees with little mangrove. 
Sediment cover on the majority island of gravel mud 
with distribution to Karimun Island and Menjangan 
Island. Furthermore sediment in the form of alluvium is 
typically composed of crust, gravel, sand, clay, coral 
fragments, and pumice (Gustiantini & Ilahude, 2016).

Cemara Island is a large island under the authority 
of the use and management of the Ministry of Maritime 
Affairs and Fisheries. While the waters of the Big Pine 
Island are included in the management area of Karimun 
Jawa National Park (Umardiono, 2011). Further 
explained that one component of tourism development 
is geographical conditions including geology, 
topography, and seasons. Likewise, geographical 
conditions are a factor in the evaluation of tourism 
resources. Thus, the phenomenon of shoreline change 
needs to be identified. The importance of this is that 
tourism areas require physical needs such as 
infrastructure that need comprehensive spatial 
planning.

So as a contribution effort in the arrangement of 
coastal spaces, and small islands, this study was 
carried out to see the changes in the coastline that 
occurred during the period 2013 - 2018 and to find out 
the level of abrasion and accretion that occurred. In 
addition, this study also aimed to see the extent of land 
changes the island caused by abrasion and accretion. 
Thus it can be analyzed the causes and chronology of 
the emergence of abrasion and accretion along the 
coast of the Cemara Besar Island.

METHODOLOGY

The study was carried out on the Big Cemara 
Island which is included in the Karimun Jawa Islands, 
Jepara Regency. The study area of shoreline change is 
at 110.383087°E - 110.365044°E and 5.801994°S - 
5.811045°S. Analysis of shoreline changes in this study 
was related to sea wave conditions in the waters 
around Cemara Besar Island as shown in Figure 1 
flowchart. Satellite data and wind data temporal range 

m. Arah angin dominan dari utara (377,50 derajat pada musim barat dan transisi I, dan dari arah timur (67,25 derajat) 
pada musim timur dan musim transisi I. Gelombang angin merambat sesuai arah angin dan akan berubah bentuk saat 
memasuki perairan pantai dangkal Kemudian mempengaruhi transpor sedimen yang menghasilkan akresi dan abrasi di 
Pulau Cemara Besar.

Kata kunci: DSAS, Dinamika Garis Pantai, Pulau Cemara Besar.



was 5 years (2013 - 2015).

Shoreline changes
The satellite image used on this study is Landsat 

imagery produced by Google Earth Pro with the 
acquisition date of March 13, 2013, October 29, 2016, 
and February 21, 2018. The image of Google Earth Pro 
was chosen because it contain a Landsat imagery and 
other multi spatial resolution satellite imagery. Landsat 
has advantages to cover a wide geographical area and 
has several bands with spectrum values that are 
suitable for analysis of shoreline changes (Miller et al., 
2011). The selection of the acquisition date is based on 
tidal calculations with reference to the water level 
which is the same as the Mean High Water Level 
(MHWL).

Coastline information is obtained by delineation 
carried out on-screen digitized considering the narrow 
location of the digitized research is done by identifying 
differences in line boundaries between dry and wet 
areas (Esmail et al., 2019, G et al., 2019). Analysis of 

changes in area was carried out overlaying island 
mainland polygons from all years. This method is done 
to find out the extent of differences that are different 
from abrasion and accretion (Ozturk & Sesli, 2015). 
Whereas to find out the level of abrasion and accretion, 
transects that are perpendicular to the deepest 
coastline are used using the Digital Shoreline Analysis 
System (DSAS) method (Esmail et al., 2019;  Gibson 
2006; Salmon et al., 2019).

The calculation on DSAS is based on the distance 
between the baseline and the entire coastline. DSAS 
consists of several transects that can be determined 
according to the beach conditions. DSAS automatically 
calculates statistical data for Shoreline Change 
Envelope (SCE), Net Shoreline Movement (NSM), End 
Point Rate (EPR), Linear Regression Rate (LRR), 
Weighted Linear regression (WLR), and Least Median 
of Squares (LMS). This study uses statistical data used, 
namely NSM, EPR, and LRR with 1 meter transect 
distance and 120 meters transect distance. Data on 
EPR and LRR are then classified into 4 classes for 
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Flowchart of the study.Figure 1.  
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abrasion and accretion respectively. Calculation of 
classification is based on standard deviation and 
average of LRR and EPR.

The statistical results and classification of EPR 
and LRR values are displayed in maps prepared using 
ArcGIS 10.5 software. While NSM data is used to see 
the distance of accretion and abrasion changes that 
occur along the transect.

Wave Generation
Daily speed and wind direction data are obtained 

from the ECMWF website. Wind direction and velocity 
data that have been obtained is used for wave 
forecasting using the SMB (Svedrup-Munk-
Bretschneider) method referring to CERC, 1984. 
Stages of ocean wave forecasting consist of wind data 
filtering, determination of effective fetch length, 
calculation of period and height of ocean waves. Data 
is carried out until the height and wave period are 
obtained according to the equation expressed in: 

 

 ...................... (1)

where H1 / 3 or Hs: significant wave height 33.3% of 
wave population, U10: wind speed at an altitude of 10 
meters above sea level (m/s), fm: peak frequency in 
the wave spectrum. However, fm cannot be determined, 
but is derived from the inverse count of significant H.

Wind data is at an altitude of 10 meters, so it 
needs to be corrected by correcting the equation (Resio 
et al., 2003)    :

 ....................................................... (2)

where Uz: wind speed is measured from the height of 
the station location (m/s), U10: wind speed at an altitude 
of 10 meters (m.s), and z is the height of the surface 
(m), and α: power index of 0.12.

Wind data used is consists of wind data on March, 
June, September and December which are expected to 
represent 4 seasons in Indonesia namely West Season, 
Transition Season 1, East Season and Transition 
Season II (Hutabarat & Evans, 1985). Determining the 
point of wind location is based on the location of the 
closest sample point to the Cemara Besar Island, 
which is at 110.3750° E; 5.8750° S.

Determination of effective length fetch is based 
on the dominant direction of wind blowing on all four 
seasons. Then a straight line is drawn for a maximum 
of 200 km. When crashing into an island or land, the 

fetch length is stopped to land/island. The fetch line is 
made of 15 lines as wide as 840 every 60 both positive 
and negative sides directions from the dominant wind 
direction. So that there will be length of fetch effective 
for one season through the equations used by Resio, 
(Bratos & Thompson, 2003; Etemad-Shahidi et al., 
2009) :

 ..................................................... (3)

where X: effective fetch length (m), α: angle from the 
dominant direction (multiples of 60).

Hs height can be determined if it is in fetch-limited 
condition. This condition if duration llimited is greater 
than Tmin. Then the equation used to get  is written in 
(CERC, 1984)  :

 ............................... (4)

where Hs: significant wave height (m), U: corrected 
wind speed (m/s), and g: gravitational acceleration 
(9.81 m/s2).

RESULTS AND DISCUSSION 

Area Changes
Analysis of the land change was done to see 

coastal changes within a certain period of time. The 
result  shows a change in the coastline of Cemara 
Besar Island on Figure 2. Changing coastlines 
occurred massively in the period of 2013 - 2016 (Table 
1). Accretion occurred on the period of 2013 - 2016 is 
characterized by the presence of new land in segments 
A and B (Figure 3). Whereas changes from 2016 - 2018 
appear to be only the movement of sediments from one 
place to another. From the map (Figure 3) it can be 
traced to the phenomenon of abrasion-accretion that 
occurs along the coast of Cemara Besar Island.

The first review, 2013 was the land of light brown, 
then experienced abrasion in the period of 2013-
2016 covering an area of 1,230 m2. The abrasion that 

Condition  Area (m2)

Accretion 2016 - 2018 3954.219
Abbration 2016 - 2018 3229.613
Accretion 2013 - 2016 6226.484
Abbration 2013 - 2016 1230.000

Abrasion-accretion Areas in 
Cemara Besar Island

Table 1.
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occurred is small, it appears abrasion in the B, C, D, 
F, G and H. which segments are in the same period 
the big Cemara Island is like getting a lot of sediment 
supply, The land arises in the same period, so that new 
land formed through accretion from 2013 to 2016 is 
marked with green with area of 6,226,484 m2. This 
new land in the next period was abrased and moved to 
land in blue. This braking occurred in the period 2016 

- 2018 covering an area of 322,613 m2. The length of 
the braking occurred in segment F. The 2016 - 2018 
accretion sediment supply was thought to originate 
from the mainland. It will have an impact on the 
ecosystem, and spatial planning.

Abbration and Accretion
Abrasion and accretion along the coast of Cemara 

Island are classified into 8 classes. Basic classification 
is based on standard deviation values with a middle 
value of 0, and abrasion ranges if> 0 and accretion < 
0.  The DSAS analysis shows a variety of abrasion and 
accretion levels in each segment.

Based on Figure 4,  the LRR parameter shows 
that very high abrasion occurred in the F segment 
marked with bright red. Whereas moderate to weak 
abrasion is in segments D and C. The same condition 
is shown by the EPR parameter that in segments F, D 
and C shows the existence of abrasion. The red the 
color of the transect, the smaller the EPR means the 
speed of the abrasion rate in meters/year is getting 
bigger.

The abrasion range is shown in Figure 2 that at 
F segment maximum LRR and EPR values are in the 
abrasion category. So that the average value of the F 
segment is accretion at -1.006 for LRR and -1.218 m/ 
year for EPR. While segments D and C the maximum 
value is in the accretion category, but the average 
value indicates abrasion. In segment D there was an 
abrasion with an average of -0.663 for LRR and -0.750 
myear for EPR, while segment C with a narrower range 
had an abrasion average of -0.281 for LRR and -0.216 
m / year for EPR.

Shorelines Changes in Cemara Besar Island in 2013 - 2108.Figure 2.  

Area Changes in Cemara Besar Island : a) 2013 - 2016; b) 2016 - 2018.Figure 3.  

a) b)
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The abrasion phenomenon will be followed by 
accretion on the other parts of the beach, according 
to the principle of natural balance. The opposite is 
also true, meaning that abrasion and accretion are 
interrelated process dynamics in the process of natural 
balancing (Boak & Turner 2005).

The accretion process is more dominant than 
abrasion along the coast of Cemara Island. In terms 
of Figure 1, the positive average values for LRR and 
EPR are 6 segments, namely: segments A, B, E, G, 
H, I. The highest accretion is in segment A with an 
average value of 4,644 m / year for EPR and 4,931 for 
LRR. While the lowest accretion is in segment I with 
an average value of 0.290 m/year for EPR and 0.322 
for LRR.

Based on Figure 4a) very high accretion occurs 
in segments A, B and E. While segments G, H, I 
experience moderate to weak accretion, with several 
high locations. However, different things shown in 
Figure 4b) based on EPR parameters show very [high 
or low?] accretion rates. height remains in segments A, 
B and E. while segments G, H, I have accretion rates 
that tend to be slow.

Accretion and abrasion on the coast have 

uniformity along the west coast, and uniformity on the 
east coast. The west coast has a tendency to lower 
accretion rates with high abrasion rates. While on the 
east coast the accretion rate is very high with a low 
abrasion rate. this needs to be reviewed fromthe hydro-
oceanographic aspects that work along the coast.

Sea Wave
The condition of the sea waves that spread along 

the coast of Cemara Island is influenced by the wind. 
Wind conditions throughout 2013 - 2018 experience 
differences in direction and speed in each season such 
as. Based on, it has the same dominant direction for 
the western season and transition I, which is blowing 
from 337.50, which is northward towards the northwest. 
Whereas for the eastern season and transition II blowing 
from the direction of 67,250 which is the northeast-
east direction. The difference in wind direction in each 
season causes differences in the wave conditions that 
are generated.

Based on wave forecasting using the SMB 
method, it is obtained high Hs and Ts periods for each 
season. Judging from shows that the height and wave 
period in the western season and transition I tend to be 
higher than the east and transition II.

a) Abbration and Accretion Value; b) Abbration and Accretion Rates.Figure 4.  

a) b)

a) Distribution of Wave Height H(m); b) Distribution of Wave Period T(second).Figure 5.  
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Judging from the high distribution of Hs and the 
dominant direction of the wind, the large waves occur 
in the western season and the transition season I 
with propagation from the direction of 377.50. So that 
the west coast is directly affected by this large wave. 
transition I with relatively low Hs with the dominant 
direction of 67,250. This condition can show if the 
difference in accretion rates between the east and west 
coasts is due to differences in waves leading to the 
coast.

Sediment Rate
Sediment supply can be reviewed with 3 methods, 

namely measuring direct sediment discharge, image 
analysis, and using empirical formulas for sediment 
(Triatmodjo, 1999). Based on descriptive analysis 
based on the empirical formula proposed by Ijima and 
Tang, 1967 as follows (Ijima & Tang, 1967):

 

With Po is the energy of wave flux (newton-meter / 
second), H: wave height (m), T: wave height (s), Ø: wave 
coming angle, and ρ: water density of 1025 kg/m3. That 
the height and wave period are directly proportional to 
the energy of the wave flux found on the beach. Energy 
wave fluxes state the amount of energy received by 
the coast based on the incoming wave. Flux energy 
waves are also directly proportional to the rate of Q 
sediment volume (m3/day). So that in this case, the 
height and wave period of the wave forecasting results 
can explain the differentiation in the conditions of the 
sediment volume rate between the west coast and the 
east coast of the Cemara Besar Island.

Speed and direction of the Wind in all season.Figure 6.  
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Viewed in Figure 4a shows that in segment F 
there is very high abrasion. This can be caused by 
large flux energy, especially during the western season 
and transition I. Sediment in the F segment moves to 
segment E and along G, H, I. However, it is not known 
for sure the sediment supply in segments G, H, I 
originates from segment F.

Different conditions occur on the east coast. 
As shown in Figure 4a that the east side coast 
experiences very high accretion in segments A, B, and 
E. This accretion can occur due to the relationship of 
sediment transport between the surrounding islands. It 
is marked by distance and connectivity between the 
islands. The Big Pine Island is closer to Karimun in the 
east which is actually a large island. This connectivity 
can answer the accretion level on the east side which 
is very high, as long as the sediment supply originates 
from Karimun Island at a rate that effective during the 
east and transition seasons II. This is in accordance 
with Gustiantini & Ilahude (2016) in the map presented 
illustration if Cemara Besar Island has the same 
sediment distribution as Karimun Island, which is 
muddy mud.

CONCLUSION 

Analysis using the Digital Shoreline Analysis 
System was able to show the presence of abrasion 
and accretion along the coast of Cemara Besar Island 
from the changes in coastline that occurred. Changes 
in the island’s largest land area in 2013 - 2016 due to 
accretion of 6226,483 m2. The accretion rate is very 
high in segments A, B, and E as well as very high 
abrasion in segment F. The accretion and abrasion 
phenomena are approached by the empirical formula 
of the volume of sediment, that accretion and abrasion 
are influenced by waves with different characteristics 
each season and similarity of sediments with nearest 
island island.

This study has disadvantages in terms of 
verification of field data. Thus, it would be better if the 
coastline was verified with field data. In addition, an 
analysis of the sediment supply rate can be carried 
out directly either by measuring sediment discharge 
or by empirical formula with direct observation of the 
incoming wave and verification of wave forecasting 
data.
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